Valeriana is a common plant species used for various healing purposes in folk medicine since antiquity. This study investigates the phytochemical profile, antioxidant, cytotoxic, and insecticidal activity of Valeriana alliariifolia Adams, a species that has traditionally been used in Turkey. For the analyses we prepared four root extracts of V. alliariifolia Adams using hexane (HM1), chloroform (CM1), ethanol (EM1), and water (WM1) for maceration. Additionally, two extracts were also prepared from its roots by maceration separately with ethanol (EM2) and water (WM2). One sample was prepared as a water infusion (WI), according to the procedure used in Turkish traditional medicine. The 2,2-Diphenyl-1-picrylhydrazyl (DPPH) scavenging and 2,2'-azino-bis(3-ethylbenzothiazoline-6-sulphonic acid (ABTS) radical cation scavenging activity tests showed that ethanol extracts had the strongest antioxidant activity: EM1 (IC 50 -DPPH: 17.694 µg/ mL; ABTS: 23.8 µg/mL) and EM2 (IC 50 -DPPH: 20 µg/mL; ABTS: 21.5 µg/mL). The hexane extract, HM1, was the most cytotoxic (IC 50 <10 µg/mL against HepG2 and HUVEC) and EM2 strongly cytotoxic (IC 50 <10 µg/mL against HepG2 and IC 50 : 11.96 µg/mL against HUVEC). The extracts with demonstrated cytotoxic activities were further examined to check their insecticidal activity against adult female mosquito Aedes aegypti and first instar Ae. aegypti larvae. HM1 was the most effective (90±10 %), which was consistent with its cytotoxic activity. Because of the high antioxidant, cytotoxic, and insecticidal activities, we ran phytochemical analyses of the HM1, EM1, and EM2 extracts with GC-MS (for HM1) and LC-MS/MS (for EM1 and EM2). We also analysed the composition of the essential oil obtained from V. alliariifolia roots by micro-distillation in order to compare its content with HM1, which contains volatile compounds. Phytochemical analyses revealed that the major compound in HM1 was isovaleric acid (16 %) and in the essential oil 1,8-cineole (2.9 %). EM1 and EM2 contained 5-O-caffeoylquinic acid (chlorogenic acid), verbascoside (acteoside), and 3,5-dicaffeoylquinic acid as major components. In the light of our findings and available literature, we can conclude that V. alliariifolia has a good bioactive potential that could be used for different purposes, including the development of new agents for the treatment of various diseases. The difference in the content between the essential oil and HM1 was remarkable. It suggests that the variability observed in the activity of the samples was a result of composition and that, therefore, the aim of treatment should dictate which type of preparation is to be selected. An added value of our study is that it determined verbascoside and methylquercetin rutinoside for the first time in the Valeriana extracts. KEY WORDS: antioxidant activity; cytotoxicity, GC-MS; insecticidal activity; LC-MS/MS Sen-Utsukarci B, et al. Chemical composition and antioxidant, cytotoxic, and insecticidal potential of
The genus Valeriana (Caprifoliaceae) is represented by more than 350 species worldwide. In Turkey, there are about 17 species, of which four are endemic (1) (2) (3) (4) (5) . In Turkey Valeriana officinalis L. is traditionally used for treating hysteria, neurasthenia, nervous insomnia, and palpitations. Its infusions are preferred for the treatment of wounds (6) . prinsepiol displayed powerful antioxidant activity in Trolox equivalent antioxidant activity (TEAC) and chemiluminescence (CL) tests (8, 9) .
Xu et al. (10) found that an iridoid-rich fraction from V. jatamansi Jones was extremely safe in the usual clinical dose, and had no single-dose toxicity. Its LD 50 in mice was over 2000 mg/kg, while the no-observed-adverse-effect level (NOAEL) for rats was 1200 mg/kg/day (10) .
In spite of the evidence of low general toxicity, some studies (11) (12) (13) (14) (15) investigated the cytotoxic activities of extracts and isolated compounds, such as iridoids and sesquiterpenoids from the Valeriana species in various cell lines.
Data on the insecticidal activity of the Valeriana species are scarce. Dua et al. (16) studied the insecticidal effects of V. jatamansi extracts and essential oil. Median lethal concentration (LC 50 ) of the essential oil against the larvae of five mosquito species was in the range of 42.8-80.6 mg/L, while the LC 50 in adult mosquitos ranged between 0.08 and 0.17 mg/cm 2 .
Tan et al. (17) found that V. jatamansi roots contained two neuroprotective compounds, isopatrinioside and vibutinal. Bardakçı et al. (18) reported that four compounds from V. alliariifolia Adams (valtrate, isovaleroxyvaltrate h y d r i n , a c e t o x y v a l t r a t e h y d r i n , a n d isovaleroxyhydroxydihydrovaltrate) had a strong sedative effect on animals. They associated these neurotropic effects with higher levels of GABA and lower energy metabolism in the brain.
In traditional medicine in East Anatolia (Turkey), V. alliariifolia root infusions are used as sedatives and antispasmodics (19) . In the Usak region of Turkey V. officinalis is preferred for its analgesic and sedative effects (20) , while on the west Mediterranean coast of Turkey they are used to treat neural conditions and as tranquilisers (21) .
Some earlier studies investigated the contents of various Valeriana essential oils (20) (21) (22) (23) (24) (25) (26) . One study with capillary gas chromatography (GC) and GC/mass spectrometry (MS) in the essential oil hydrodistilled from the subterranean parts of V. alliariifolia reported 68 components that accounted for 87.6 % of the total oil. The major components were isovaleric acid (28.6 %), δ-guaiane (7.2 %), α-humulene (4.7 %), hexadecanoic acid (4.3 %), valeric acid (3.7 %), and humulene epoxide-II (3.6 %) (18) .
In another study from Iran (4), the major volatile components of V. alliariifolia essential oil were transcaryophyllene (38.96 %), β-pinene (12.06 %), α-pinene (9.94 %), α-terpinene (9.49 %), isoterpinolene (7.15 %), and 1,8-cineole (6.76 %).
Some Turkish studies have also assessed the biological activities of the Valeriana species. Ozdemir et al. (27) reported inhibitory effects of a V. officinalis extract on acetylcholinesterase (AChE) activity in human erythrocytes and serum in vitro. Karadeniz et al. (28) studied the antioxidant activity of V. dioscoridis SM. However, due to a small number of the Valeriana species in Turkey, the evidence gathered in these studies is limited.
The aim of our study was therefore to complement current knowledge about the Valeriana species with new findings of cytotoxic, antioxidant, and insecticidal activity tests and of phytochemical analyses of active extracts and essential oil from V. alliariifolia roots collected in a northeast region of Turkey.
METHODS

Plant material
The roots of V. alliariifolia Adams were collected from the Trabzon-Hamsiköy region in July 2012. The voucher specimen has been deposited with the Herbarium of the Faculty of Pharmacy, University of Istanbul (ISTE 98089).
Preparation of extracts
Dried and powdered roots (15 g) were successively macerated with 150mL hexane (HM1), 150 mL chloroform (CM1), 150 mL ethanol (EM1), and 150 mL water (WM1) for 24 h with occasional stirring. Another portion of root (7.5 g) was separately macerated with either 150 mL ethanol (EM2) or 150 mL water (WM2) for 24 h with occasional stirring. An infusion was also prepared from another portion of roots with boiled water (WI; 150 mL) according to the traditional procedure. Organic extracts were evaporated to dryness in vacuo, and aqueous extracts lyophilised (Labconco, Kansas City, MO, USA). All extracts were stored at ±4°C until further use.
Antioxidant activity testing
To determine antioxidant activity we used 2,2-diphenyl-1-picrylhydrazyl (DPPH • ), Folin-Ciocalteu's phenol reagent 2N, gallic acid, and ascorbic acid, all of analytical grade and obtained from Sigma Chemical Co. (St. Louis, MO, USA).
DPPH radical scavenging activity of the extracts was measured with the method proposed by Fu et al. (29) . DPPH solution (0.1 mmol/L in methanol, 3.9 mL) was added to extracts (0.1 mL) prepared in dimethylsulphoxide (DMSO) at different concentrations (5-0.5 mg/mL). The mixture was then left at room temperature for 30 min. The absorbance of the mixture was measured against reference using a spectrophotometer (UV-1800, Shimadzu, Kyoto, Japan) at 517 nm.
2,2'-azino-bis(3-ethylbenzothiazoline-6-sulphonic acid (ABTS •+ ) radical scavenging activity was determined according to the method developed by Re et al. (30) . Forty millilitres of extracts (5-0.5 mg/mL, in DMSO) prepared from plant material were mixed with 3960 µL of the ABTS •+ working solution. The absorbance of the mixture was measured against reference at 734 nm for 6 min. The results were expressed as IC 50 (µg/mL).
Total phenolic content of plant extracts was determined with the Folin-Ciocalteu reagent (FCR) method (31) . Briefly, 0.1 mL of the extract (5-0.5 mg/mL, in DMSO) was put in a plate and 4.5 mL of water was added. Then, 0.1 mL of FCR (diluted with distilled water to the ratio 1:3) and 0.3 mL of 2 % sodium carbonate solution were added to the mixture. The mixture was left at room temperature for 2 h, and then absorbance was measured against the reference at 760 nm (UV-1800, Shimadzu, Kyoto, Japan). Total phenolic content was expressed as µg of gallic acid equivalents per mg of the extract.
Cytotoxicity testing
Cytotoxicity was tested with the 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) colorimetric method as described earlier (32) in human liver carcinoma (HepG2) and primary human umbilical vein endothelial (HUVEC) cells.
HepG2 cells (HB-8065, controlled by DSMZ-German Collection of Microorganisms and Cell Cultures GmbH, Germany, DSMZ ACC180) were maintained in RPMI-1640 with glutamine supplemented with 10 % foetal calf serum (FCS), and a penicillin-streptomycin mixture. HUVEC cells were isolated from umbilical cords (obtained with the consent of donors and permission by the local ethics committee) by digestion with 0.01 % collagenase A solution (Roche, Basel, Switzerland) and grown in Endothelial Cell Growth Medium with supplement mix (Promocell, Heidelberg, Germany; C-39215) containing 10 % FCS, penicillin (100 U/mL) -streptomycin (100 mg/mL) mixture, and kanamycine (50 mg/mL). HepG2 cells were seeded into 96-well plates at a density of 10 4 cells per well and HUVEC cells at a density of 2x10 4 cells per well, and incubated to allow for cell attachment at 37 °C and 5 % CO 2 for 24 h. After that, the cells were treated with 100 µL serial concentrations of all extracts.
All test samples were dissolved in DMSO at the concentration of 20 mg/mL. Stock solutions were diluted in the medium to obtain the final concentrations of 10-200 µg/mL. Negative control cells were grown in the medium only, while solvent control cells were grown with the addition of DMSO. Cell viability control showed that DMSO concentrations of up to 0.75 % were not toxic. For each extract, all concentrations were tested in duplicate or triplicate. After 24 h, the cells in each well were quantified with the MTT test (33) (34) (35) (36) .
For the MTT test, 150 µL of MTT solution (0.5 mg/mL in medium) was added to each well after aspiration of the medium, and incubated at 37 °C for 3 h. Formed formazan crystals were solved in 80 µL of DMSO, and absorbance was measured at 550 nm. The percentage of cell viability was calculated with respect to solvent control as follows:
Insecticidal activity testing
The mosquito colony of Aedes aegypti L. was obtained from the USDA/CMAVE insectary (Gainesville, FL, USA). Rearing procedures have been described elsewhere (37) .
Larvicidal activity was tested as described by Pridgeon et al. (38) with minor modifications aimed to reduce the amount of test samples in 96-well plates (39) . The hexane extract, HM1, was diluted with DMSO to the concentration of 100 µg/μL. Larval mortality was determined at four concentrations (1.0, 0.5, 0.25, and 0.1 µg/μL) in a final volume of 200 mL of larval rearing media. Each test included a positive control of the pesticide permethrin and a negative control of ethanol or DMSO. Tests were repeated at least three times on separate days using different hatches of eggs.
The toxicity of HM1 extract was also tested in 246 adult Ae. aegypti mosquitos using cohorts of three to six-day post-emergence females as described elsewhere (38) . The mosquitoes were cold-anaesthetised on ice, and groups of 10 females distributed into separate plastic cups. The HA1K extract was diluted to a 10 % solution with DMSO, which was subsequently serially diluted in acetone to the 1:10 ratio. Sample solution (0.5 µL) was applied to the dorsal thorax of at least 20 female mosquitos per dose using a repeater pipettor (Hamilton PB600, Hamilton Company, Reno, NV, USA) with a 25-μL blunt tip glass syringe (Hamilton 7100 series). A permethrin mixture of 46.1 % cis-and 53.2 trans-isomers (Chemservice, West Chester, PA, USA) was used as positive control and acetone as negative control. After treatment, the mosquitoes were kept in plastic cups at 26−27 °C and 80 % humidity and received 10 % sucrose in water for 24 h prior to recording mortality.
Headspace solid-phase microextraction (HS-SPME) of HM1
Volatiles were trapped by solid-phase microextraction (SPME) fibre coated with polydimethylsiloxane/ divinylbenzene-PDMS/DVB (Blue-65 µm) (supplied by Supelco Inc., Bellefonte, PA, USA) with a sampling time of 30 min at 50 °C (the extract was heated for 15 min before sampling). Thermal desorption was performed at 250 °C for 15 min. The fibre was directly desorbed in GC-MS.
Extract GC-MS analysis
For GC-MS analysis we used an Agilent 5975 GC-MSD system (Agilent Technologies Inc., Santa Clara, CA, USA) and an INNOWax FSC column (polyethylene glycol, PEG; Agilent, Walt & Jennings Scientific, Wilmington, DE, USA) (60 m x 0.25 mm, 0.25 µm film thickness) with helium as carrier gas (0.8 mL/min). GC oven temperature was kept at 60 °C for 10 min and raised to 220 °C at a rate of 4 °C/ min, then kept constant at 220 °C for 10 min, and raised to 240 °C at a rate of 1 °C/min in splitless mode. The injector temperature was 250 °C. MS was taken at 70 eV. Mass range was from m/z 35 to 450. The injection was repeated three times.
Microdistillation of the roots
Dried and crushed roots were placed in a sample vial together with 10 mL of water. NaCl (2.5 g) and water (0.5 mL) were placed in the collecting vial. n-Hexane (300 μL) was added to the collecting vial to trap volatile components. Sample vials were heated to 108 °C at a rate of 20 °C/min, kept at 108 °C for 90 min, heated to 112 °C at a rate of 20 °C/min, and kept at this temperature for 30 min. Finally, the samples were subjected to a post-run for 6 min under the same conditions. Collecting vials were cooled to -1 °C during distillation. Once the distillation was completed, the organic layer in the collection vial was injected (1 μL) into a gas chromatograph with a flame ionisation detector (GC-FID) and GC-MS.
Essential oil analysis
The oils were analysed with GC-FID and GC/MS techniques simultaneously. The GC-FID analysis was carried out with a capillary Agilent 6890N GC system. FID temperature was set at 300 °C in order to obtain the same elution order with the GC/MS. Injection was simultaneous using the same HP-INNOWax FSC column (60 m × 0.25 mm, 0.25-μm film thickness; Agilent, Walt & Jennings) and appropriate operational conditions.
The components of essential oils were identified by comparing their mass spectra with those in the Baser Library of Essential Oil Constituents obtained from chromatographic runs of pure compounds performed with the same equipment and under the same conditions, Adams Library (40), MassFinder Library (41) , and Wiley GC/MS Library (42) and confirmed by comparing their retention indices. The relative percentages of the separated compounds were calculated from FID chromatograms.
Determination of phenolic compounds in EM1 and EM2 extracts
For LC-MS/MS analysis, we used the method described by Goger et al. (43) with some modifications. The experiments were performed with a Shimadzu 20A highperformance liquid chromatography (HPLC) system coupled to an Applied Biosystems 3200 Q-Trap LC-MS/ MS instrument (Thermo Fisher Scientific, Waltham, MA, USA) equipped with an electrospray ionisation (ESI) ion source in negative ionisation mode. Separations were done on a C18 reverse-phase (ODS 150 x 4,6 mm, i.d., 3 µm particle size) analytical column operating at 40 °C at a flow rate of 0.5 mL/min. HPLC elution was carried out using a binary gradient of solvent mixtures of methanol, water, and formic acid (10/89/1 v/v/v, respectively for solvent A and 89/10/1 v/v/v, respectively for solvent B). The composition of solvent B was increased from 10 % to 100 % in 40 min.
RESULTS AND DISCUSSION
The results of the antioxidant tests (Table 1) show that EM1 and EM2 extracts had the highest antioxidant activity (IC 50 17.69±0.34 µg/mL and 20.0±1.0 µg/mL, respectively). EM1 and EM2 also exhibited the highest total phenolic content (TPC) [113.8±1.2 µg and 116.7±1.1 µg of gallic acid equivalents (GAE) per mg of extract, respectively]. Antioxidant activities correlated with TPC. EM1 activity higher than that of EM2 (by DPPH) demonstrates that polar compounds have a role in antioxidant activity. Like polar extracts, ethanol extracts also showed higher activity than other extracts.
While the DPPH test showed higher EM1 than that of EM2, ABTS test showed higher EM2 activity and higher TPC. These findings suggest that compounds with antioxidant activity in this Valeriana species have high or moderate polarity. HM1, CM1, and EM2 extracts exhibited cytotoxic activity on the HepG2 cell line ( -These values are the means of three replicates ± standard deviation. ABTS -2,2'-azino-bis(3-ethylbenzothiazoline-6-sulphonic acid; BHT -butylated hydroxytoluene; DPPH -2,2-diphenyl-1-picrylhydrazyl; GAE -gallic acid equivalents were more toxic than CM1, and their toxic concentrations were below the minimum studied concentration. As HepG2 cells have a tumour origin, these active extracts were further investigated on HUVEC cells, which are often used as a model for healthy cells. HM1 was cytotoxic at less than 10 µg/mL, while the IC 50 of CM1 and EM2 was 51.63 µg/ mL and 11.96 µg/mL, respectively. Only EM2 was not toxic against HUVEC cells at the concentration cytotoxic for the HepG2 cells. However, it was cytotoxic at the active concentration determined by the antioxidant tests. In contrast, EM1, WM1, WM2, and WI did not exhibit cytotoxic effects at their active antioxidant concentrations.
Extracts with cytotoxic activities were then tested for insecticidal activity (Table 3 ). HM1 had the highest mortality of 90±10 % at 5 µg per adult mosquito, which was consistent with its cytotoxic activity. However, no extract showed insecticidal activity against the larvae.
Considering the results of all tests, HM1, EM1, and EM2 demonstrated good biological activity and their chemical compositions were determined by GC-MS (for HM1) and LC-MS (for EM1 and EM2). We also determined the content of essential oil obtained by microdistillation of V. alliariifolia roots to compare it with the content of HM1. Tables 4 and 5 show the content of HM1 and the essential oil. The major component in HM1 was isovaleric acid (16 %), which also accounted for 87.3 % of the content detected in the essential oil. Two other major components in HM1 and essential oil were limonene (11.6 %) and 1,8-cineole (2.9 %), respectively. Although plants vary considerably in content with season and locality, we obtained similar findings for essential oil as in our previous study, especially for isovaleric acid (18) . This points to a less variable content in V. alliariifolia and a possibility of standardised production for the purposes of phytotherapy. Table 6 ). Even though EM1 content dominated over EM2 in terms of compounds found, it was less active. This again suggests that nonpolar compounds in EM2 are more cytotoxic.
Compounds with high antioxidant activity in EM1 and EM2 extracts, namely verbascoside, hesperidin, caffeoylquinic acid analogues (5-O-caffeoylquinic acid and 3,5-dicaffeoylquinic acid), and methylquercetin analogues, have already been investigated and their antioxidant activities reported in earlier studies. Verbascoside was reported for high scavenger activity (48) and good antioxidant effect with other phenolic compounds (49). Funes et al. (50) found a correlation between plasma verbascoside levels and plasma antioxidant capacity in rats treated with lemon verbena extract. Another study (51) identified 3,5-di-O-caffeoylquinic acid as a good radical scavenger (IC 50 18.2 µmol/L). High antioxidant effect was also reported for chlorogenic acid (IC 50 6.35 µmol/L) in Eriobotrya japonica Lindl. extracts (52) .
Flavonoids have a large spectrum of activities, and some are known for their high bioactivities. Flavonoid hesperidin, for example, was reported for strong antioxidant and protective effect against cell damage (53) . Methylquercetin derivatives in Halimodendron halodendron (Pall.) Voss also showed high antioxidant activity (IC 50 7.2-216.7 µg/mL) (54) .
Isovaleric acid, limonene, p-cymene, carvacrol, and linalool identified in active nonpolar extracts in our study have also been described by other authors. Using the MTT assay, Scragg et al. (55) found that isovaleric acid and valeric acid reduced the metabolic activity of Vero cells. The same method was used to assess the cytotoxic effects of tinctures prepared from the rhizomes and roots of V. officinalis L., V. wallichii DC. (V. jatamansi), and V. edulis Nutt. ex Torr & Gray ssp. procera (H.B.K.) F. G. Meyer (V. mexicana DC.) and their constituents in human small-cell lung cancer (GLC4) and human colorectal cancer (COLO320) cell lines. The diene type valepotriates (acetovaltrate, isovaltrate, and valtrate) were two to three times more toxic than valepotriates of the monoene type (didrovaltrate and isovaleroxyhydroxydidrovaltrate). In addition, valerenic acids (valerenic acid, acetoxyvalerenic Selin-11-en-4α-ol 0.8 MS The major compound is written in bold. RRI -relative retention indices calculated against n-alkanes; % -calculated from FID chromatograms; tr -trace (<0.1 %); t R -based on the retention times of genuine compounds on the HP Innowax column; MS -based on computer matching of the mass spectra with those of the Baser Library of Essential Oil Constituents, Adams library [40] , MassFinder library [41] , and Wiley library [42] and comparison with literature RRIs acid, and hydroxyvalerenic acid) and methyl valerenate, which are characteristic compounds of V. officinalis, had a low cytotoxicity (IC 50 values between 100 and 200 µmol/L) (56) . Russo et al. (57) have suggested that monoterpenes such as limonene have a role in cancer cell death induced by Citrus bergamia Risso essential oil. Manassero et al. (58) compared the growth inhibition potential of the essential oil of mandarin peel and its major component limonene on two human tumour cell lines (lung adenocarcinoma A549 and hepatocarcinoma HepG2) and established that the essential oil was more effective than limonene alone, which points to an additive or synergistic effect of limonene when combined with minor oil components. In line with these findings, a recent investigation (59) also suggests that essential oils rich in limonene, especially the essential oil from unripe Citrus reticulata Blanco fruit peels (93.71 % of limonene) are highly cytotoxic to human lung carcinoma (A549), human colon carcinoma (HCT116), and hepatocellular carcinoma (HepG2) cells. Sivropoulou et al. (60) reported that the essential oil from Origanum vulgare subsp. hirtum, whose major constituents were carvacrol, p-cymene, and thymol, elicited high cytotoxic effect against human laryngeal carcinoma (Hep-2) cells, human cervical carcinoma (HeLa) cells, kidney epithelial cells from African green monkey (Vero), and rabbit skin (RSC) cells. In another study (61) , carvacrol showed high dose-dependent cytotoxicity against two human cervical carcinoma cell lines (HeLa and SiHa) at IC 50 of 50 mg/L, while in combination with thymol it was more active against human epithelial colorectal adenocarcinoma cells (Caco-2 cells) compared to single constituents (62) .
Coccimiglio et al. (63) evaluated the cytotoxic effects of Origanum vulgare extract components and their combinations (carvacrol/thymol, carvacrol/thymol/pcymene) on A549 cells. The extract was the most cytotoxic, followed by the combinations (especially carvacrol/ thymol/p-cymene) and finally single components. Clearly, the cytotoxic effects increase with the number of active components in the combination. Al-Fatlawi et al. (64) investigated mechanisms behind carvacrol cytotoxicity in human breast adenocarcinoma (MCF-7) cell line and found that this compound inhibited the cell growth and induced the apoptosis regulating genes.
Linalool contained in the essential oils from five Lamiaceae species showed cytotoxicity on amelanotic melanoma and renal cell adenocarcinoma (IC 50 values 23.16 µg/mL and 23.77 µg/mL, respectively) (65) .
According to our findings, the essential oil of V. alliariifolia and HM1 differed only in the presence of 1.8-cineole (eucalyptol). Sampath et al. (66) evaluated the cytotoxicity of extracts prepared from Callistemon citrinus (Curtis.) Skeels and found that the 1,8-cineole-containing hexane extract has a potential as anticancer agent. These outcomes speak in favour of our observations regarding the higher cytotoxicity of the V. alliariifolia essential oil.
Besides volatile and nonpolar compounds, active extracts (EM1 and EM2) in our study contained verbascoside, chlorogenic acid, hesperidin and methylquercetin rutinoside. Saracoglu et al. (67) investigated the cytostatic and cytotoxic activities of compounds isolated from Phlomis armeniaca Willd. and Scutellaria salviifolia Bentham. Verbascoside showed good cytotoxicity in rat hepatocellular carcinoma (dRLh-84) cell line at IC 50 of 61.98 µg/mL and was the most active compound against murine sarcoma cancer (S-180) cell line. It also elicited cytotoxic effects in HeLa and murine leukaemia (P-388) cell lines, but was not toxic against hepatocytes (67) . In addition to this, verbascoside was reported active against HepG2, MCF-7, and human rhabdomyosarcoma (RD) cell lines (68) .
Jiang et al. (69) found that chlorogenic acid elicited a cytotoxic effect on human oral squamous cell carcinoma (HSC-2) and salivary gland tumour (HSG) cells at millimolar concentrations.
Speaking of the cytotoxic potential of flavonoids relevant for Valeriana alliariifolia, we have to mention hesperidin. It was reported cytotoxic against MCF-7 cells (70), and induced apoptosis in HepG2 cells (71) . Methylquercetin was reported for antimigration and antiproliferative activities(72), while Sak et al. (73) reported high cytotoxicity of its analogues 3'-O-methylquercetin Unknown -The major compounds are written in bold and 4'-O-methylquercetin against A549 and HCC-44 cell lines. Both analogues exhibited higher activity (IC 50 of 26.6 µmol/L and 19.6 µmol/L against A549 and 15.9 µmol/L and 20.3 µmol/L against HCC-44, respectively) than quercetin (72.2 µmol/L and 107.6 µmol/L, respectively). They induced apoptosis in both cell lines by activating effector caspase-3. These findings suggest that methylation of quercetin has a role in the cytotoxicity.
We would also like to briefly discuss the insecticidal activity of the studied Valeriana extracts, which can be associated with their specific constituents, limonene in particular. Chantraine et al. (74) reported 90 % mortality of limonene at 100 mg/mL against Aedes aegypti larvae and 60 % mortality at 50 mg/mL. However, 1,8-cineole, linalool, terpinen-4-ol and α-terpineol had no insecticidal effect. Santos et al. (75) reported that both R-and S-limonene isomers elicited the highest larvicidal activity (LC 50 0.027 and 0.03 mg/mL, respectively). Silva et al. (76) reported that limonene also had the highest larvicidal activity at low concentration (IC 50 0.037 mg/mL), followed by carvacrol and thymol (IC 50 0.070 and 0.079 mg/mL, respectively) (76).
CONCLUSION
In the light of our findings and available literature, we can conclude that root extracts of Valeriana alliariifolia have a good bioactive potential that could be used for different purposes, including the development of new agents for the treatment of various diseases. Isovaleric acid, limonene, carvacrol, p-cymene, thymol, linalool, verbascoside, chlorogenic acid, hesperidin, and methylquercetin rutinoside showed cytotoxic potential, and limonene, 1,8-cineol, carvacrol, and thymol the insecticidal one.
The difference in content between the essential oil and HM1 was remarkable. It suggests that the variability observed in the activity of the samples was a result of composition and that, therefore, the aim of treatment should dictate which type of preparation is to be selected.
An added value of our study is that it determined verbascoside and methylquercetin rutinoside for the first time in the Valeriana extracts. This finding is particularly important for planning and conducting future studies with the Valeriana species.
